INTRODUCTION
In the latter part of 1972, a disease outbreak characterized by respiratory signs, lethargy, and death occured in a snake farm in Zurich, Switzerland (Foetsch & Leloup, I976) . A virus with properties characteristic of the paramyxovirus group was isolated from lung tissue of a dead Fer de Lance (Bothrops atrox), a tropical American pit viper. This is apparently the first paramyxovirus to be isolated from a reptile. The virus is unique among paramyxoviruses in its capacity to replicate in a wide variety of reptilian or mammalian cell types as well as in embryonated hens' eggs with an optimum temperature near 30 °C and restricted growth at temperatures /> 37 °C. The name Fer de Lance virus (FDLV) is proposed.
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Veterinary Medicine. The corresponding antigens were prepared from stock laboratory strains. However, no rinderpest virus antigen was available.
Neuraminidase activity studies. To establish whether FDLV possessed a neuraminidase, a 2 % suspension of chicken or guinea pig RBC in phosphate-buffered saline (PBS) was treated with an equal vol. of varying concentrations of receptor-destroying enzyme (RDE; Behring Diagnostics, Hoechst, Somerville, N.J., U.S.A.). After incubation overnight at 37 °C, the cells were thoroughly washed with PBS, re-suspended to 1% and tested for agglutinability by serial twofold dilutions of FDLV. As controls, samples of a 1% suspension of RBC in PBS were also incubated overnight at 37 °C and at 4 °C and similarly tested for agglutinability by the virus.
To compare the neuraminidase activity of FDLV with known myxoviruses, a modification of the technique originally introduced by Burnet et al. (i 946) was used. Accordingly, 2 % suspensions of chicken or guinea pig RBC were treated with an equal vol. containing I6 to 3 z HA units of each of the following viruses: FDLV, mumps (Barnes strain), Newcastle disease virus (NDV, Beaudette strain) and the influenza strains A/PR8/34 (HoNI), A/Swine Iowa I5/3I (SWINI) and B/Lee/4o. All of the viruses were infected chick embryo allantoic fluids. The RBC required for a single experiment comparing the activity of all of the viruses were derived from a single bleeding.
Following an overnight incubation at 37 °C, the virus-treated cells were sedimented at room temperature and supernatant fluids were removed and saved. The cell pellets were re-suspended to the original vol. in fresh 37 °C PBS, incubated for Io min at 37 °C and re-spun. The procedure was repeated twice more. The final re-suspension represented a 1% concentration.
The capacity of these cell suspensions treated with any one virus to be agglutinated by each of the six viruses was then tested. HA tests were also conducted on the supernatant and wash fluids to determine that no residual virus remained attached to the cells. For comparison, RBC also treated with an equal vol. of the optimal concentration of RDE needed to remove receptors for FDLV were tested for their HA reaction with each of the viruses.
Nucleic acid characterization. FDLV virus for biochemical characterization was grown at 30 °C in either MDBK cells or the allantoic cavity of 9-day-old embryonated hens' eggs. After 72 h p.i., labelling of cell culture-propagated virus was carried out using either 3H-uridine or 3H-thymidine at concentrations of Io#Ci/ml of medium. The medium was harvested 48 h later, spun at 25oo rev/min for Io min in an IEC centrifuge and the supernatant fluids containing an HA titre of I:IZ8 centrifuged through a 3o% (w/w) sucrose solution on to a 55% (w/w) sucrose cushion, at 825oog for 2 h at 2 °C. The interface material was collected, diluted with TE (o.ol M-tris, O'OOI M-EDTA) buffer, pH 7"2, and isopycnically banded twice in a 2o to 55% (w/w) sucrose gradient by sedimentation at 82 500 g for 8 h at 2 °C.
The 3H-uridine-labelled FDLV was extracted with hot phenol SDS and precipitated overnight at -2o °C with ethanol in the presence of unlabelled 4S yeast and 28S tobacco mosaic virus carrier RNA (TMV RNA). FDLV nucleoprotein radioactively labelled with uridine was similarly extracted except that ethanol precipitation was carried out in the presence of bovine serum albumin carrier.
Isolation ofFDLV nucleoprotein. FDLV-infected, 3H-uridine-labelled cells were harvested by scraping into PBS and pelleted at 7oog for lo min at 4 °C. The pellet was washed once with PBS, resuspended in o'o4 M-carbonate/bicarbonate buffer, pH 8-x, containing I% BRIJ-35 and o-I M-phenylmethyl sulphonyl-fluoride, kept for 6o rain on ice, Dounce homogenized with eight strokes and spun at 39ooog for 5 rain at 4 °C. The supernatant fluid was carefully separated and layered over a discontinuous gradient consisting of 5 c)~ sucrose, 25, 30 and 4o% CsC1 made with BRIJ buffer and spun at 121 ooog at 4 °C for ~5 o rain. The nucleoprotein was collected from the 3o% CsC1 region with a syringe and needle, diluted with water, again re-banded, collected, dialysed against o.~ M-NH4HCOa buffer, pH 8-o and partially lyophilized.
RESULTS

Isolation of the virus
The lungs of four snakes (Bothrops) that sustained a fatal infection were removed and frozen at -20 °C. Subsequently the lungs were thawed and triturated to give a l o°/o tissue suspension in Hank's buffered saline-bovine serum albumin solution (Hank's BSA). The suspension was clarified by centrifugation for 2o rain at roooog. Three 25-day incubated embryonated eggs of the snake Cyclagras gigas were inoculated into a site near the embryo with o.i ml each of the clarified lung suspension and further incubated at 27 °C. Each infected egg died on the seventh day p.i. and was frozen at -20 °C. An uninoculated egg and a sham-inoculated egg each produced a healthy living snake on day 44 p.i.
Fourteen months after freezing, one embryo was thawed and transferred to 5 ° °/o Hank's BSA-5o % glycerol mixture and shipped to the Wistar Institute, Philadelphia, Pa., U.S.A. The glycerinated tissue was triturated in a glass (Ten Broeck) grinder to give a Io°/o suspension in Eagle's basal medium with I O o/o foetal calf serum; the suspension was clarified by centrifugation at ~ooog for 20 min. Two-tenths ml of the clarified suspension was inoculated into 25 cm z plastic flasks containing monolayer cultures of the reptilian cell lines GE2 (Michalski et al. 1974) , RF-CSV (rattlesnake fibroma cells infected with corn snake oncornavirus, HF. Clark et al. unpublished data) and VH 3 (HF. Clark & E. Z Soriano, unpublished data) . Infected cultures were incubated at 30 °C. On the ninth day p.i. massive syncytia were observed in both GE2 and RF-CSV cultures. Infection was successfully serially transferred to cell cultures of the same type by inoculation of cell supernatant fluids.
Virus host range in vitro
Infectivity assay systems and virus production FDLV replicated producing c.p.e, in a wide variety of cell types of reptilian and mammalian origin incubated at 3o °C (Table i) . Piscine cells were resistant to infection. The c.p.e, observed varied considerably between cell types and included cell spindling and rounding and, in most cases, syncytium formation. Infected cells haemadsorbed guinea pig RBC very efficiently and chicken RBC to a lesser extent at 4 °C. Most infections were confirmed by the demonstration of haemadsorption. The development of c.p.e, at 23 °C was slower than at 3o °C; syncytia rarely developed at 23 °C. Infections were irregularly demonstrable in cells incubated at 35 °C (see below). Susceptibility to FDLV was demonstrated in each of nine reptilian cell types tested and in each of five mammalian cell types tested.
The most severe c.p.e, were observed in the reptilian RF-CSV (oncornavirus-infected) and GL1 cells and in the hamster cell cultures. Plaque formation was induced in RF-CSV, GLt and CER cell cultures using o'5 % nutrient agarose overlay and an incubation period of lo to ~4 days before staining with neutral red. Consistent plaque titration results were, however, difficult to obtain because of difficulty in maintaining viability of the cells for this extended time under solid overlay at 30 °C. The most sensitive and practical assay system was subsequently found to be titration in tube cultures of GE2 cells incubated at 3o °C and tested for haemadsorption of guinea pig RBC at 6 to 8 days p.i. Isolation of a snake paramyxovirus 
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* Susceptibility was determined by inoculation of test cultures with FDLV at a m.o.i, of approx. I-o, followed by incubation at 3o °C and observation for 14 to zI days (RTG-2 cells were tested at 23 °C). Susceptibility was indicated by development of syncytia (usually) and/or cell destruction. The specificity of the c.p.e, was determined by demonstration of haemadsorption of guinea pig RBC at 4 °C. t All are cell lines except where designated as primary cultures: rattlesnake fibroma (Orr et al. 1972) , rattlesnake kidney and spleen (Orr et al. and three reptilian cell lines at 23 °C, most efficiently by the two snake lines at 30 °C, and only by the oncornavirus-infected snake cell line RF-CSV at 35 °C. The upper temperature limit supporting replication was host dependent and varied slightly from experiment to experiment at near limiting temperatures for unknown reasons. Thus, at 35 °C, both RF-CSV and GE2 cells variably produced virus efficiently or not at all in repeated experiments. MDBK ceils consistently produced virus at 35 °C, but BHK/2I cells consistently failed to do so. None of these cell lines supported virus replication at an incubation temperature of 37 °C.
The bovine cell line MDBK was found to produce released virus in high titre (> 1o 6.5 TCIDs0/ml) without the development of destructive c.p.e. Supernatant fluids from infected MDBK cultures incubated at 3o °C could be harvested at weekly intervals and re-fed with maintenance medium (MEM) with 2 % foetal calf serum) for as long as 6 to 8 weeks p.i. This system was used for production of large quantities of cell culture-origin virus for biochemical studies.
Virus host range in vivo
Multiplication in embryonated eggs
Embryonated hen eggs were successfully infected with supernatant fluids from FDLVinfected GEE cells. The original inoculum had an HA titre of i :32 with guinea pig and I:8 with chicken RBC. Although initially the virus replicated only when introduced amniotically, by the sixth subpassage it was adapted to grow as well when inoculated allantoically, producing >/ io 8"3 EID~0/ml after 5 to 6 days incubation at 27 to 30 °C. The HA titres of infected egg fluids were 1:256 to I :512 with guinea pig and four-to eightfold lower with chicken RBC. However, the susceptibility of embryonated eggs to infection with FDLV, both as measured by the number showing successful infection and by the HA and EIDs0 titres of the progeny virus produced, showed a marked dependence upon a low temperature of incubation. Between incubation temperatures of 27 and 32 °C, 90 to ioo °/o of the eggs yielded haemagglutinins with titres of I:I28 to I:512, with the higher values found at the lower temperature. The amount of infectious virus produced at 27 °C was also slightly more than at 32 °C, i.e. io 8"5 EIDs0/ml against Ios'° EIDso/ml. At 37 °C only 3o % of eggs yielded virus and then to a markedly low titre, i.e. I : 8 with guinea pig RBC. Since incubation at 27 °C for 6 days, the optimal conditions required for virus replication, caused the death of a large proportion of control as well as infected embryos, the incubation temperature of 3 ° °C was finally adopted for standard use.
Failure to infect mice
Twenty weanling (4-week-old) and 40 newborn (24-h-old) ICR mice were infected intracerebrally with FDLV doses of IO 4"5 to lo 5"° TCIDs0. No signs of disease were noted during observation for up to one year p.i., nor were signs of histopathologic change noted in brains of animals sacrificed at varying intervals after infection (pathological studies kindly performed by Dr Y. Iwasaki). Adult mice inoculated intranasally did not develop signs of disease or histopathological changes in lungs or brain. Bacteria of ectothermic vertebrate origin have been shown to replicate selectively in the footpad of the mouse (Clark & Shepard, I963) ; FDLV caused no detectable disease when inoculated into footpads of adult mice, Isolation of a snake paramyxovirus 411 Fig. 4 . FDLV virus radioactively labelled with 3H-uridine and isopycnically banded for 8 h at 2 °C on a 2o to 55 ~ sucrose gradient at 825oog, was fractionated using an lsco Model 640 monitoring the absorbance at z54 nm. The HA and ct/min were detected as described in the Methods. Fig. 5 . Phenol-SDS-extracted radioactively labelled FDLV RNA, marker 45 yeast transfer RNA and 28S TMV RNA were dissolved in TEN buffer pH 7'2 with o.1% SDS and sedimented through a ~5 to 30 ~ sucrose-SDS gradient at z82ooo g for 225 rnin at 20 °C. Fractions of 0"3 ml were collected on an Isco Model 64o monitoring the absorbance at 254 rim; 5 °/tl from each fraction was TCA precipitated using TMV RNA as carrier and counted (D--O). Samples of too/zl from each fraction were mixed with an equal vol. ofTEN buffer, pH 7'2 containing 5 mg of RNase A and IO units of RNase Tx, and incubated with occasional shaking at 37 °C. After 6o rain; TMV RNA was added as carrier and the samples were precipitated with TCA and counted (o--o). 
Fine structural observations of FDL V
Thin section electron microscopy of FDLV-infected cells revealed (Fig. I ) highly pleomorphic spheroidal or filamentous structures whose morphological features closely resemble those of known myxoviruses (Compans & Choppin, 197I) . Particles were seen in various stages of budding or as released forms. Their mean diam. range in size from I46 to 32i nm depending upon the host cell line and incubation temperature utilized (Lunger & Clark, t978 a, b) .
Individual virions consist of a unit membrane envelope with a peripheral fringe zone composed of slender spines (II.7 nm in length). Internal components consist of 15 to 16 nm diam. tubules or strands, presumably representing nucleocapsid, often aligned in close proximity to the envelope inner surface. Tubules of similar dimensions and showing a regular cross-striation periodicity, or serrations, ranging from 5 to 6 nm, are frequently seen aggregated in the cytoplasmic matrix.
Morphogenic events of FDLV also conform to those reported in previous myxovirus studies (Morgan et al. t956; Reczko & B6gel, 1962; Behbehani et al. I965) . A gradual budding process occurs from differentiated segments of the cell surface. These differentiated regions display a thickened plasmalemma and usually the presence of subadjacent nucleocapsid strands aligned parallel to the membrane. A fringe zone appears on the external surface of the presumptive virus envelope. Spheroidal and filamentous virions which have nearly completed the process of formation are attached to the cell surface by a stalk or constricted base. Released particles usually display a spheroidal profile. Negative contrast staining with phosphotungstic acid of purified FDLV shows particles with a clearly defined fringe and electron-lucent limiting membrane and typical serrated nucleocapsid strands measuring 14-3 nm in diam. (Fig. 2, 3 )-
Molecular characteristics
aH-Uridine-labelled FDLV exhibited a buoyant density of 1"~9 g/ml in sucrose as measured by maximal haemagglutinin titres, absorbance at 254 nm and radioactive label (Fig. 4) -Virus infectivity was also concentrated at this density. Virus grown in the presence of 3H-thymidine, similarly processed and subjected to isopycnic centrifugation, exhibited no radioactivity associated with the fractions exhibiting maximal haemagglutinin titres and absorption at 254 nm. Electron microscopic examination of fractions which contained maximal haemagglutinin titres by negative staining revealed virus particles identical to those shown in Fig. 3 .
Following phenol SDS extraction of the virus-associated nucleic acid, it was found to exhibit a sedimentation value of 5oS on sucrose SDS gradients. The 5oS RNA isolated from the virus was ribonuctease sensitive (Fig. 5) -FDLV nucleoprotein cores were isolated from infected cells radioactively labelled with either 3H-uridine or 3H-thymidine (Fig. 6) . The FDLV nucleoprotein cores exhibited a . Isopynic banding in CsC1 of FDLV cell-associated nucleoprotein labelled with aH-uridine, extracted and processed as described in Methods. The density was determined by use of an ABB-3L refractometer; loo #1 samples of each fraction were TCA precipitated and counted.
buoyant density of 1.3o g/ml in CsCI gradients and were found to contain only uridine label (Fig. 7) . When these structures were treated with either DNase or RNase the aH-uridine label remained resistant to digestion. Following phenol-SDS extraction of these structures and ethanol precipitation, the uridine label was rendered 97% trichloroacetic acid (TCA)-soluble by digestion with ribonuclease A and Tx, while remaining resistant to DNase treatment (Table 3 ). The results indicate that the virion possesses a nucleoprotein core which contains a 5oS single-stranded ribonuclease-sensitive RNA.
Sensitivity to ether
On treating infected allantoic fluids with ether, it was found that in contrast to the original fluid which had an HA titre of 1:256 and contained lo ~'° to 8.5 EIDs0, the resulting virus was rendered completely non-infectious.
Antigenic relationship of FDL V to other myxoviruses
FDLV was compared with known myxoviruses by reciprocal complement-fixation tests. Guinea pig sera prepared against the RNP component (soluble antigen) of types A, B and C influenza viruses, against intact parainfluenza viruses types I (HA2 and Sendal strains), z, 3, 4a, 4b, SV 5, against several avian parainfluenza viruses (NDV, Turkey/Ont/6661/68, Turkey/Wisconsin/68 and Yucaipa strains) and against mumps, measles, respiratory * Samples of native nucleoprotein and nucleic acid extracted from native nucleoprotein by phenol-SDS in TEN buffer, pH 7"4, were treated with either IOO #g of DNase, or 5o #g RNase A and lo units of RNase Tx. After 6o min at 37 °C, the samples were TCA precipitated using yeast RNA as carrier on to glass fibre filters, washed, dried and counted. syncytial virus (RSV), CDV and rinderpest viruses were titrated against 4 CF units of FDLV. The sera were all shown to have homologous titres of I : 64 to l : 256. Conversely, sera from guinea pigs which had been hyperimmunized with FDLV were titrated against all of the above viruses with the exception of rinderpest virus. The results were completely negative implying that FDLV is a new antigenic type of myxovirus (Table 4) .
Neuraminidase activity of FDLV compared to other myxoviruses
Initial investigations of FDLV s,,Iggested that it might be a myxovirus because of its electron microscopic appearance, haemagglutination activity, ability to grow in eggs, sensitivity to ether and possession of an RNA nucleocapsid core. A study of its HA activity revealed that RBC exposed to FDLV, after elution of the virions from their surfaces, could not be re-agglutinated by the same virus. It, therefore, was of interest to determine whether this inagglutinability was due to the destruction of receptor sites on the RBC by a virus enzyme similar to RDE obtained from Vibrio cholera and present on the surface of certain other myxoviruses. In addition, it was of interest to discover where FDLV might fit on the receptor gradient for myxovirus interaction with RBC as described by Burnet et al. (I946) . However, instead of using cells of human origin, we used chicken and guinea pig RBC.
When treating chicken RBC, it was found that an initial HA titre of all viruses of i : 16 to I : 32 gave readable and reproducible results but with guinea pig cells the same concentration of influenza viruses A/PR8/34 (HoNI) and B/Lee/4o rendered the cells spontaneously agglutinable; lower concentrations of either of these viruses were ineffective. However, with the other viruses the results were similar with chicken and guinea-pig RBC. It was also found that the optimal initial concentration for destruction of receptors on chicken or guinea pig RBC for all viruses, including FDLV, was about 7o units/ml, giving a final concentration of 35 units/ml in the test system. Higher concentrations caused spontaneous agglutination or haemolysis. Table 5 gives the receptor gradient found with chicken RBC. It can be seen that RDE destroyed the receptors for FDLV as well as for the other test viruses, indicating that, like these other myxoviruses, it interacts with a neuraminic acid receptor on the RBC surface. RBC treated with mumps virus removed solely the receptors for itself. Incubation of RBC with FDLV, on the other hand, destroyed the receptors for FDLV, mumps and NDV, but not for influenza B/Lee, A/PR8 or S/15. Conversely, all the influenza strains and NDV destroyed the receptors for FDLV.
In the hierarchy of myxoviruses which were used by Burner et al. 0946) to establish a receptor gradient, FDLV falls somewhere between mumps virus and NDV. Contrary to the gradient established by these authors as tested with human type 'o' cells, it appears that with chicken RBC, the positions of the type A and B influenza viruses are reversed. However, this difference might be due to a difference in the type A strain used in the test.
DISCUSSION
A virus, designated FDLV, has been isolated from specimens collected during an explosive respiratory disease outbreak of snakes. The possible aetiological role of FDLV in diseases of reptiles is currently under study. However, the extent of infection will require serological surveys of captive and wild reptile populations. That FDLV is indeed of reptilian origin is suggested by its efficient replication in all reptilian cell types tested, its inability thus far to infect newborn mice, its lack of antigenic relatedness to known mammalian and avian myxoviruses and, most importantly, its low temperature requirements for replication. The failure of FDLV to replicate at temperatures of >I 37 °C in cell culture and an optimum temperature range for replication of 25 to 30 °C in either cell culture or embryonated hens' eggs strongly suggest that FDLV is of ectothermic vertebrate origin.
With a single exception, FDLV possesses a spectrum of structural and biological characteristics typical of the paramyxovirus group. These include its morphology, sensitivity to ether, possession of an RNA protein core, ability to induce syncytium formation, chronic non-cytocidal infections in cell culture and ability to replicate efficiently in hens' eggs and to haemagglutinate and haemadsorb guinea pig and chick erythrocytes (Fraenkel-Conrat, 1974; Choppin & Compans, 1975) . In addition, the virus possesses a neuraminidase on its surface, isodynamic with RDE.
FDLV in thin section exhibits a size range 046 to 321 nm diam.), pleomorphic spheroidal or filamentous profiles, plasma membrane budding maturation pattern and presumably haemagglutinin surface fringe typical of paramyxovirus (Choppin & Compans, 1975) . FDLV contains six structural polypeptides, of which two are glycosylated and one is nucleoprotein (D. Waters & HF. Clark, unpublished observations). The FDLV nucleocapsid has a buoyant density of I'3O g/ml, typical of paramyxoviruses; and also typical of paramyxoviruses, the virus genome consists of a non-segmented 5oS single-stranded RNA genome (Choppin & Compans, i975) . However, although the nucleocapsid is characteristic in its serrated appearance with a periodicity of 5 nm, the nucleocapsid diam. is less than that of other paramyxoviruses. We have measured an FDLV nucleocapsid diam. of ~5 to J6 nm in thin section and i4. 3 nm in negatively stained preparations. This dimension is less than the I7 to I8 nm dimension of known paramyxoviruses and is more in agreement with the I2 to 15 nm size of pneumoviruses (Kingsbury et al. I978) . However, this virus differs from known pneumoviruses in its possession of neuraminidase and does not exhibit the extreme physical fragility characteristic of this subgroup of viruses. It is possible that FDLV, isolated from a relatively primitive vertebrate, may represent a virus that is a true intermediate between the two groups.
FDLV, like many other viruses of ectothermic vertebrates, expresses a similar low temperature optimum in either mammalian or ectothermic vertebrate cells (Clark & Karzon, t968; Clark et al. I97ob; Clark & Soriano, I974) . Since FDLV causes chronic infections of low cytopathogenicity in several mammalian systems at temperatures up to 35 °C but does not replicate at 37 °C, FDLV-infected mammalian cell cultures exposed to temperature shifts above and below 35 °C may provide a uniquely useful system for studying controlled latent infections of mammalian cells by a negative strand virus.
